Abstract-Subsurface stratigraphy provides insight into the genesis and evolution of coastal landscapes. Since ground penetrating radar (GPR) provides an ideal way to image subsurface stratigraphy it is commonly used to help understand how coastal landscapes evolve. The Lake Superior shoreline provides an excellent opportunity to study coastal 
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I. INTRODUCTION
Lake Superior is one of the largest bodies of freshwater in the world. Its immensity leads to the understanding that lake level in the basin mimics sea level when studying coastal landscapes. During the Late Holocene, several lake level phases have occurred creating a varied suite of coastal landforms as lake level fluctuates. This creates a unique opportunity to study how coastal landforms adapt in response to sea level changes.
A. Geographic Setting
Grand Island, near the town of Munising, Michigan, is the largest island on the southern shore of Lake Superior (Fig. 1) (Fig. 1) . Sand is likely supplied from the erosion of nearby sandstone and glacial till. It is believed that wave refraction around bedrock lobes helps to concentrate and deposit sediment on the Grand Island Tombolo. Several lake level phases have been mapped through the identification of relic shorelines [1] and strandplain sequences [2] . A complex internal architecture, A digital elevation model represents the terrain on the Island, with important feature labeled. The sandy Grand Island Tambala connects eastern and western bedrock lobes. Duck Lake is Sm above the tambala but still well below bedrock highs.
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B. Geomorphic Setting
Sediment inputs cause coastal landforms prograde (build out from shore) [3] . Though progradation during regression (relative sea level fall) is widely accepted, how, or even if, progradation during transgressive (relative sea level rise) occurs is not well understood [4] . Coastal landform morphology varies due to differing wave and tidal regimes as well as coastline geography. Notable coastal landforms include cuspate forelands, tombolos and strandplains. Cuspate forelands are triangular forelands that prograde offshore. Tombolos consist of a sand or gravel spit connecting two pieces of land and forms through wave refraction around an island, generally prograding in two directions. Strandplains are a specific kind of beach deposit forming from an interaction of wave deposition and windblown dunes creating a sequence of shore parallel beachridges [3] and can be used to infer historic sea levels [2] .
C. Objectives
This paper seeks to provide insight into the subsurface stratigraphy of the Grand Island Tombolo in order to better understand its continuing evolution. In order to achieve our objectives for this study are (1) use GPR to provide a means of imaging subsurface stratigraphy to (2) establish the depositional style of various radar facies with radar stratigraphic analysis.
II. METHODS
A 700m GPR transact collected across the Grand Island Tombolo used a pulseEKKO 100 GPR system with 100 MHz antennae (Fig. 2) . Data collection used a step size of O.Sm and antennae separation of 1.0m. A topographic survey, using a Topcon RL-H3CL laser level, was also conducted to adjust profiles to changes in relief. A common midpoint survey collected at position 436m indicated the velocity of the electromagnetic wave through the sediment to be 0.1 mlns (Fig. 3 ). Profiles were processed with pulseEKKO software utilizing trace-to-trace averaging, down-the-trace averaging, dewow and automatic gain control and plotted using wiggle trace formatting. Figure 2 . In field GPR data collection using a puiseEKKO 100 GPR system. A computer and batteries (foreground) are carried behind an antennae and receiver (middle ground). 
III. RESULTS
The profile is separated into four radar facies (Fig. 4) . In order to comply with space constraints and simplify interpretation and discussion, the transect was broken into a southern portion (Fig 4A) and a northern portion (Fig. 4B) .
A. Radar Facies 1
The deepest facies is below 16m and likely descends below the depth of penetration. This radar facies is composed of sigmoid and hummocky reflections which top lap above facies. Hummocky reflections are truncated by sigmoid reflections. Sigmoid reflections are S-lOm apart. The facies are found only on the southern part of the transact (Fig. 4A) .
B. Radar Facies 2
A thin, 2-4m, radar facies downlaps onto radar facies 1 and consists of northward dipping inclined reflections. This radar facies is again only found on the southern portion of the transect (Fig. 4A) .
C. Radar Facies 3
Concordant with lower reflections, a third radar facies with a thickness of S-7m at the southern end of the transect (Fig. 4A ) and 20-22m at the northern end of the transect ( Fig  4B) consists of continuous subhorizontal to inclined reflections.
D. Radar Facies 4
The upper radar facies consists of northward dipping inclined reflections with a 3-Sm thickness across the length of the profile. Radar Facies 4 downlaps lower facies. 
IV. INTERPRETATION
A. Radar Facies I
The lowest radar facies is interpreted as shoreface (near shore) progradation.
Sigmoid lower reflections are interpreted as erosional surfaces, while horizontal hummocky reflections suggest depositional aggradation [5] . Together these reflections represent periods of erosion followed by rapid deposition resulting in net progradation.
B. Radar Facies 2
Modern Lake Superior strandplains have been extensively studied and show lakeward dipping reflections with an average thickness of 5m [6] . Due to its similarity to modern strandplains, radar facies 2 is identified as a buried strandplain.
C. Radar Facies 3
This radar facies is interpreted as shoreface progradation. Subhorizontal reflections were deposited on top of the underlying landform and grade to inclined reflections which are interpreted as clinoforms building out from the underlying deposit. The build out of clinoforms from an underlying deposit is interpreted to be related to lake level regression.
D. Radar Facies 4
Matching radar stratigraphic descriptions of other Lake Superior strandplains, [6] the upper facies is interpreted as the modern strandplain.
V. DISCUSSION
Assisting in our analysis a well log, provided by local resident Cliff Erickson (personal correspondence), gives stratum descriptions to a depth of 84.7 m (Table 1) and was collected near the transect line. The log shows a transition between mud sands and sand clay at a depth of 14m, near the boundary radar facies 2 and radar facies 3. This suggests a compositional difference between radar facies I and 2 and radar facies 3 and 4. A compositional difference and the identification of lower and upper strandplains indicates two depositional phases. A cross-section based on radar facies developed for the southeastern portion of the Grand Island Tombolo was developed to help understand its history (Fig. 5) . The first depositional phase, represented by radar facies I and 2, developed when lake levels were much lower than there present levels, at approximately 170m, the boundary between radar facies 1 and 2. Erosional and depositional shoreface cycles during this time may be related to seasonal cycles. Sand interbedded with gyttja, at a depth of 13m below lake level collected in cores from Beaver Lake, 20km north east from Grand Island, may represent the same depositional phase as lower reflections. Interpretations of these cores suggest either sediment gravity flows or dune migration over lake ice and subsequent meltout in spring [7] . Either scenario could form observed reflection patterns as both could result in periods of rapid deposition followed by erosion. Facies 2 represents a buried strandplain that developed on the exposed surface as the coastal landform prograded northward through periods of rapid deposition and subsequent erosion.
Lake levels then rose above their current levels depositing the Duck Lake cuspate [8] . A second depositional phase began as Lake Superior fell to its present level. Ongoing northward shoreface progradation during this regression resulted in radar facies 3, while radar facies 4 resulted from the development of the modern strandplain.
VI. CONCLUSION
A GPR survey images the effect of fluctuating lake levels in the Grand Island Tombolo's internal architecture. Two progradational sequences are interpreted from the profile. The first progradational phase began when Lake Superior were lower and the tombolo was first exposed. This progradational phase is represented by shoreface progradation (radar facies 1) and strandplain development. The second progradational phase began as Lake Superior fell to its modern level from an intervening highstand. Shoreface progradation (radar facies 3) and strandplain development (radar facies 4) are again interpreted from GPR reflections. Both progradational episodes are marked by strandplain and shoreface reflections. However deposition during different environmental condition results in different shoreface reflection patterns.
